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As the translation shows, JP '751 is further evidence of non-obviousness of the 
presently claimed subject matter. Shot blasting is utilized to form an inner layer 9 to provide 
good heat transmission properties between the outer layer 13 and the inner layer 9. 
Translation at 5, 11. 15-17. The material and method of forming the outer layer 13 is not 
specified, but the outer layer 13 can be readily formed by Ni-plating or Cr-plating or Ni + Cr- 
plating the inner layer 9 and polishing the surface after the completion of the plating. Id at 11. 
4-8. In any case "the outer surface of the outer layer 13 is finished smoothly, and the degree 
of smoothness is preferably for example, the same as the level of smoothness of a normal cold 
rolling roll". Id at 11. 8-10 (emphasis added). 

JP 757's teaching is directly contrary to the teachings of claims 14 and 15 of the 
presently claimed subject matter, which direct utilizing grip blasting to form the outer casting 
surface of the casting rolls. Moreover, JP '75 l's teaching is directly contrary to claims 11-19, 
which specify that the pair of casting rolls of a roll caster have casting surfaces being textured 
by a random pattern of discrete projections. See claim 9. 

JP '547 is more remote prior art. It is directed to the inner mould of a continuous slab 
casting machine. Moreover, the inner surface of the mould is formed of a cobalt- 
molybdenum-copper alloy layer. There is no disclosure or suggestion of utilizing a nickel 
chromium molybdenum alloy layer to form the mould surface. Again, the teachings are 
directly contrary to claims 20 and 21 against which JP '547 is cited. 

Applicant respectfully submits that claims 1-31 are in condition for allowance and 
should be allowed. If the Examiner has any further questions after reviewing the references 
in view of the above comments and the comments in the letter of July 14, 2003, applicant 
respectfully requests that the Examiner arrange an interview with applicants counsel, Arland 
T. Stein, Esq. (317-231-7390). 
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30 

SPECIFICATIONS 

1. Title of the Invention 

3 5 Mould for Continuous Casting Machine 



2. Claims 

4 0 A mould for a continuous casting machine, such mould characterized in that a 
Ni-plated layer is formed upon the inner surface of the mould, and in that a layer 
formed of a Co-Mo-Cr alloy consisting of 45 wt% to 65 wt% Co, 20 wt% to 40 
wt% Mo, and with the balance being Cr of from 50 \x to 700 in thickness is 
formed over the Ni-plated layer 



45 



JP58-29547(A) 



3. Detailed Description of the Invention 

This invention relates to a mould for a continuous casting machine, and more 
particularly, to a continuous casting machine mould that exhibits excellent resis- 
5 tance to wear and excellent resistance to seizure. 

Copper or copper alloy is employed in order to increase the cooling effect as the 
matrix for moulds for continuous casting machines. However, all such metals 
lose their hardness and strength under high temperature conditions, and hence, 
1 0 when employed in their pure state, the wear against the surface that is in contact 
with the cast slab (hereinafter referred to simply as the 'inner surface 7 ), and such 
moulds cannot be employed for long periods of time. Moreover, the copper 
permeates the surface of the cast slab and is the cause of surface defects in the 
cast slab known as star cracking. 

15 

Consequently, the inner surfaces of casting moulds are commonly coated with 
materials other than copper or copper alloys in order to overcome these prob- 
lems. The most commonly employed coating material and method of applying 
the coating are Ni or Cr applied by electroplating, while apart from this, some 

2 0 use is also made of eutectic plating as a special plating method, in which Ni-P or 

mixtures of various pluralities of metals, metal oxides and oxides are employed. 
Moreover, other methods of coating apart from plating, such as blasting, princi- 
pally with Ni, and also spraying with Mo alloys, Fe alloys and WC-Co and so 
forth (JP49-24837) are known. 

25 

However, in recent years the size of the cast slab has tended to increase and the 
casting velocity has tended to rise, and hence the casting conditions have become 
more demanding than was hitherto the case, with the result that the coating 
methods described above no longer necessarily provide satisfactory results. For 

3 0 example, in the case of a conventional curved continuous slab casting machine, a 

coating of approximately 3 mm thick of Ni would be applied to the inner surface 
of the casting mould, but the service life of the coating would not exceed 150 to 
200 charges at a casting velocity of from 1.2 m/ min to 1.6 m/ min. 

3 5 In order to overcome these problems, the present invention is characterized in 

that in that a Ni-plated layer is formed upon the inner surface of the mould, and 
in that a layer formed of a Co-Mo-Cr alloy consisting of 45 wt% to 65 wt% Co, 20 
wt% to 40 wt% Mo, and with the balance being Cr of from 50 \x to 700 |a in thick- 
ness is formed over the Ni-plated layer. 

40 

The invention is now described in greater detail. 

The interior of the casting mould is coated with a plated layer of from 30 \i to 200 
\i in thickness, whereupon a layer formed of a Co-Mo-Cr alloy consisting of 45 

4 5 wt% to 65 wt% Co, 20 wt% to 40 wt% Mo, and with the balance being Cr of from 
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50 to 700 |i in thickness is formed over the plated layer. This coating is formed 
by spraying. 

In the present invention, the application first of a Ni-plated layer to the inner sur- 
5 face of the casting mould, followed by the spraying of a Co-Mo-Cr alloy layer to 
form a coating is intended to enhance adhesion, and the thickness of the Ni- 
plated layer should be from 30 \i to 200ji in order to achieve that objective. If the 
thickness of the Ni-plated layer is less than 30 \i, the shot blasting that is per- 
formed as a pretreatment to the spraying abrades the Ni-plated layer, whereas, if 
1 0 the thickness of the Ni-plated layer exceeds 200 \i, the temperature gradient in 
the Ni-plated layer increases, and the thermal stress generated thereby leads to 
problems of stripping of the Ni-plated layer. 

Next, the Co-Mo-Cr alloy layer is formed by spraying upon the Ni-plated layer. 

15 In the environment in which the Co-Mo-Cr alloy is used, this generates a cobalt 
molybdate salt (C0M0O4), and this alloy layer exhibits excellent resistance to 
wear and excellent resistance to seizure. Consequently, the range of the Co and 
Mo constituents contained is of particular importance, because the range must be 
such as to lead to the formation of C0M0O4 under the temperature regime 

2 0 achieved inside the casting mould during casting. The inventors of the present 
invention embedded a plurality of thermocouples in a casting mould and meas- 
ured the temperature of the casting mould during casting, and tested many dif- 
ferent ranges of the Co and Mo constituents. As a result, it was found that from 
45 wt% to 65 wt% of Co and from 20 wt% to 40 wt% of Mo was the optimum 

2 5 range for these constituents. However, the balance of Cr should be added in or- 

der to further enhance the high temperature hardness of the alloy layer. The 
thickness of the alloy layer is stipulated to be from 50 \i to 700 \x because, if the 
thickness is less than 50 \i, the layer is too thin and the effect of the alloy layer is 
not achieved, whereas, if the thickness exceeds 700 \x, the thermal stress within 

3 0 the alloy layer increases, as was described for the Ni-plated layer, adhesion be- 

comes unsatisfactory and the objective is not achieved. 

Next, the effects of the employment of the casting mould envisaged by the pre- 
sent invention as the mould for a curved continuous slab casting machine are de- 

3 5 scribed. 

A Ni-plated layer of 50 \x in thickness is formed upon the inner surface of a cop- 
per alloy casting mould substrate, and a Co-Mo-Cr alloy layer consisting of 55 
wt% Co, 35 wt% Mo and 10 wt% Cr and of 150 jj, in thickness is formed by 

4 0 plasma spray upon the Ni-plated layer. Next, Al-killed steel slabs 220 mm thick, 

and from 950 mm to 1600 mm wide are cast by means of this casting mould at a 
casting velocity of from 1.2 m/ min to 1.6 m/min, and the inner surface of the 
casting mould is examined for the development of star cracking. 
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Figure 1 shows the results combined with the results of the use of a conventional 
casting mould in which the inner layer was Cr-plated, and a casting mould in 
which the inner layer was Ni-plated. 

5 It is evident from Figure 1 that the casting mould envisaged by the present in- 
vention provided a service life of several times those of the casting moulds of the 
prior art. 

Naturally, the casting mould envisaged by the present invention fully exhibits 
1 0 these functions both when employed as the casting mould in vertical type con- 
tinuous casting machines and in horizontal type continuous casting machines. 

In the present invention as described above, Ni-plating is applied to the inner 
surface of the casting mould, and furthermore a Co-Mo-Cr alloy layer is formed 
1 5 thereupon, whereby the advantageous effect of a greatly extended service life in 
comparison with casting moulds of the prior art is achieved. 

4. Simplified description of the drawing 

20 

Figure 1 is a drawing showing the correlation between the number of charges 
and the star cracking formation index. 



2 5 Applicant: NKK Corp. (and another) 

Agent: Keitaro Tsutsumi (and another) 
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54 Title of the Invention 
Casting Drums for Twin Drum Type 
35 Continuous Casting Machine 

57 Abstract 

Objective To provide casting drums for 
a twin drum type continuous casting 
45 machine, such drums enabling the 
manufacture of smoothly thin cast strip 
while preventing the formation of 
cracking 

Constitution The surfaces of the casting 
55 drums consist of two layers, an inner 
layer and an outer layer, with fine re- 
cesses and protrusions being formed 
upon the outer surface of the copper in- 
ner layer which is covered with an outer 
65 layer of a metal other than copper, the 




outer surface of the outer layer being finished smoothly. Otherwise, heat in- 
sulating material is disposed in the recesses of the copper inner layer, which is 
covered with a metal outer layer, the outer surface of the outer layer being fin- 
ished smoothly. Otherwise, recesses and protrusions are not formed upon the 
5 outer surface of the copper inner layer, and the copper inner layer is covered 
with an outer layer consisting of a metal in the interior of which fine heat in- 
sulating material has been uniformly dispersed, the outer surface of the outer 
layer being finished smoothly. 

10 Claims 

Claim 1 Casting drums for a twin drum type continuous casting machine, 
such drums characterized by possessing on the surface layer an inner layer 
consisting of copper and that possesses uniform fine recesses and protrusions 
on the outer surface thereof, and an outer layer consisting of a metal other 
15 than copper that covers the inner layer upon the outer surface of the inner 
layer, the surface of the outer layer being finished smoothly and forming the 
surface of the casting drum 

Claim 2 Casting drums for a twin drum type continuous casting machine, 
such drums characterized by possessing on the surface layer an inner layer 

20 consisting of copper and that possesses uniform fine recesses and protrusions 
on the outer surface thereof, and heat insulating material that is disposed in 
the recesses of the inner layer, and an outer layer consisting of a metal other 
than copper that covers the inner layer and the heat insulating material and so 
forth upon the outer surface of the inner layer, the surface of the outer layer 

25 being finished smoothly and forming the outer surface of the casting drum 

Claim 3 Casting drums for a twin drum type continuous casting machine, 
such drums characterized by possessing on the surface layer an inner layer 
consisting of copper and an outer layer upon the outer surface of the inner 
layer so formed as to cover the inner layer, such outer layer consisting of 

30 metal in which fine heat insulating material is disposed in the interior thereof, 
the surface of the outer layer being finished smoothly and forming the surface 
of the casting drum 

Claim 4 Casting drums for a twin drum type continuous casting machine as 
in Claim 2, such drums further characterized in that the heat insulating mate- 
35 rial that is disposed in the recesses of the inner layer is air holes that are 
formed in the said recesses of the inner layer 

Claim 5 Casting drums for a twin drum type continuous casting machine as 
in Claim 3, such drums further characterized in that the metal in which heat 
insulating material is uniformly disposed is metal in which air holes are uni- 
40 formly disposed 
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Detailed description of the invention 
Relevant area of industry 

[0001] This invention relates to casting drums for a twin drum type continu- 
5 ous casting machine for the manufacture of thin strip slab. 

Prior art 

[0002] Figure 4 is an explanatory drawing of a twin drum type continuous 
casting machine. Two horizontal casting drums 2, 2' are disposed at the same 

10 height, parallel and adjacent to each other, each rotating in the directions of 
the arrows 6, 6'. Side weirs 3, 3' are disposed at the two extremities in the ax- 
ial direction of the casting drums 2, 2' and are attached to 2, 2'. The two cast- 
ing drums 2, 2' possess copper substrates and are of the internally water 
cooled type. The molten metal 1 is poured continuously into the upper space 

15 (reservoir) that is formed by the two casting drums 2, 2' and the side weirs 3, 
3'. The molten metal 1 that is poured is cooled by the casting drums 2, 2', and 
forms solidified shells 4, 4' on the surfaces of 2, 2'. These solidified shells 4 
and 4' are unified at the minimum gap between the drums 7 forming thin 
strip slab 5 which is withdrawn. 

20 

[0003] Such twin drum type continuous casting machine is capable of produc- 
ing thin strip slab with a strip gauge of not more than 3 mm and a strip width 
of not less than 1000 mm, and because such thin strip slab is sufficiently thin, 
it can be used as is without any subsequent complex treatment, or alterna- 
25 tively, it may be converted into strip by means of light rolling in subsequent 
treatment. 

[0004] JP2-1 65849 revealed a casting drum that was provided with on the sur- 
face thereof a plurality of grooves from 0.05 mm to 0.20 mm wide and from 

30 0.05 mm to 0.15 mm deep. The inventors of the present invention have dis- 
covered that cracking in thin strip slab can be reduced by employing casting 
drums that possess on the surface thereof a plurality of recesses and protru- 
sions. However, thin strip slab that is manufactured by means of casting 
drums that possess on the surfaces thereof a plurality of recesses and protru- 

35 sions possess a plurality of recesses and protrusions corresponding to the re- 
cesses and protrusions of the casting drums. 

[0005] As previously stated, thin strip slab from a twin drum type continuous 
casting machine is desirable because it can be employed without further 
40 treatment or it can be lightly rolled. However, thin strip slab that possesses 
on the surface thereof a plurality of recesses and protrusions is limited in its 
applications because it is not smoothly, or alternatively, light rolling leaves 
behind on the surface of the strip the marks of the recesses and protrusions, 
thus diminishing the visual appeal of the strip. 

45 
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[0006] JP 6-67450 revealed a mould for continuous casting, such mould being 
formed with a plurality of layers of refractory material upon the mould mov- 
able surface. It was revealed that the first layer of refractory material was 
formed of for example TiN, TiC, A1N, or ZrN, and that the second layer was 
5 formed of for example ZrCh, AI2O3, spinel or Si02. 

[0007] In Figure 4, the solidified shells 4 are generated at the part 8 at which 
contact is initiated with the melt and grow to the thickness (t/2) at the mini- 
mum interval part 7. This growth takes place through the cooling by the cast- 

10 ing drums 2. The growth time of the solidified shell 4 from 8 to 7 is short in 
order to cause the casting drums to revolve at high velocity in the twin drum 
type continuous casting machine. Internally water-cooled type casting drums 
with high cooling capacity in which copper forms the substrate are employed 
in the twin drum type continuous casting machine in order to cause the 

15 growth to thickness (t/ 2) within a short period of time. 

[0008] When the plurality of refractory layers envisaged by JP6-67450 is 
formed on such casting drums 2 revolving at high speed, the cooling capacity 
of the casting drums is reduced because the heat propagation characteristics 
20 of the refractory layer are poorer than those of copper and solidified shells of 
thickness (t/2) cannot be formed. Consequently, velocity of rotation of the 
casting drums 2 is reduced, the volume of production of thin strip slab 5 per 
hour is reduced, and the production capacity of the continuous casting ma- 
chine is diminished. 

25 

Problems addressed by the present invention 

[0009] The objective of the present invention is to provide casting drums for a 
twin drum type continuous casting machine that is able to manufacture thin 
strip slab with high production efficiency, without surface irregularities and 
30 preventing the development of cracking in the thin strip slab. 

Means employed in order to overcome these problems, and action 
[0010] Figure 1 is a schematic explanatory drawing of the surface layer of the 
casting drums of the first invention of the inventors, Figure 1 (A) being an ex- 
35 planatory drawing of the locations shown, and Figure 1 (B) being a schematic 
explanatory drawing of the surface layer of the casting drums 2 along the 
cross sections indicated by arrows (a), (b), (c) and (d). 

[0011] The first invention of the inventors is characterized by possessing on 
40 the surface layer in Figure 1 an inner layer 9 consisting of copper which pos- 
sesses on its outer surface fine uniform recesses 10 (10-1, 10-2) and protru- 
sions 11 (11-1, 11-2), and on the outer surface of the inner layer 9 an outer 
layer 13 consisting of a metal other than copper that is so formed as to cover 
the inner layer 9, the outer surface 12 of the outer layer 13 being finished 
45 smoothly and forming the outer surface of the casting drums 2, these being 
the casting drums of a twin drum type continuous casting machine. 
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[0012] The shape and size of the fine recesses 10 and protrusions 11 are not 
specified, but for example, when shot blasting is performed on the outer sur- 
face of a copper drum, it is possible to form an inner layer 9 that possesses 
fine uniform recesses and protrusions of from 50 fim to 200 jam in height. The 
5 material and method of forming the outer layer 13 are not specified, but the 
outer surface 13 can be readily formed by Ni-plating or Cr-plating or Ni+Cr- 
plating the inner layer 9 and polishing the surface after the completion of plat- 
ing. The outer surface of the outer layer 13 is finished smoothly, and the de- 
gree of smoothness is preferably for example the same as the level of smooth- 
10 ness of a normal cold rolling roll. 

[0013] In Figure 1 (B), the Ni or Cr that forms the outer layer 13 transmits less 
heat than does Cu. The inner layer 9 is covered by the outer layer 13 that 
transmits less heat, but the projections 11 (11-1, 11-2) on the inner layer 9 have 

15 good heat transmission properties because the outer layer 13 is thin, but the 
recesses 10 (10-1, 10-2) on the inner layer 9 have poor heat transmission prop- 
erties because the outer layer 13 is thick. Thus, within the melt 1 that is in 
contact with the casting drums, the melt 11' (11-1', 11-2') that faces the projec- 
tions 11 (11-1, 11-2) is rapidly cooled by the cooling drums and the progress of 

20 solidification is rapid. On the other hand, the melt 10' (10-1', 10-2') that faces 
the recesses 10 (10-1, 10-2) is slowly cooled by the cooling drums and the pro- 
gress of solidification is slow. 

[0014] Thus, when the melt 1 comes into contact with the casting drums en- 
25 visaged by the present invention, a uniformly distributed melt is formed con- 
sisting of a fine portion 11' (11-1', 11-2') in which solidification proceeds rap- 
idly and a fine portion 10' (10-1', 10-2') in which solidification proceeds 
slowly. 

30 [0015] The sizes and distribution of these fine portions can be controlled by se- 
lecting as desired the size of the recesses and protrusions that are provided on 
the outer surface of the inner layer 9. Moreover, it is also possible to control 
as desired the extent of the difference in the progress of solidification between 
lO'-l and ll'-l through the selection of the thickness of the outer layer 13 and 

35 the type of metal of the outer layer 13. 

[0016] In Figure 1 (A), the melt 1 in the reservoir is a mixture of low tempera- 
ture melt that was poured first and high temperature melt that has recently 
been poured, but because the mixing of the melt is not complete, the melt 1 in 
40 the reservoir is segregated into strata consisting of a low temperature portion 
and a high temperature portion. 

[0017] When casting drums that have not received any special treatment are 
employed, if in Figure 1 (A) for example the low temperature melt stratum 
45 may be segregated around (a), and the high temperature melt stratum may be 
segregated around (b), in Figure 1 (B) lO'-l and ll'-l around (a) are both low 
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temperature, and therefore solidification proceeds rapidly, while 10'-2 and 
IV ~2 around (b) are both high temperature, and therefore solidification pro- 
ceeds slowly. The inventors of the present invention have discovered that, 
when a zone in which the progress of solidification is rapid and a zone in 
5 which the progress of solidification is slow are formed, cracking readily de- 
velops in the cast slab 5. 

[0018] When the casting drums envisaged by the present invention are em- 
ployed the distribution of temperatures in the melt can be so arranged that for 
10 example ll'-l has the lowest temperature, followed by 1V-2, followed by 10'- 

I, followed by 10'-2. Solidification also proceeds in that sequence. For that 
reason, solidification proceeds virtually uniformly around both (a) and (b), 
and it is possible to prevent the formation of zones in which solidification 
proceeds rapidly and zones in which solidification proceeds slowly. 

15 

[0019] The outer surface 12 of the outer layer 13 envisaged by the present in- 
vention is finished for example to the same level of smoothness as for a nor- 
mal cold rolling roll. Consequently, the surface of the thin strip slab can be as 
smooth as the surface as cold rolled material. This overcomes the problems in 

20 use that were hitherto caused by the recesses and protrusions in the thin strip 
slab. Moreover, the Ni or Cr and the like that are employed as the metals for 
the outer layer 13 envisaged by the present invention, being metals, transmit 
considerably more heat than does the refractory layer envisaged by JP6-67450. 
Hence there is no need to reduce the velocity of rotation of the casting drums 

25 2, and it is possible to operate with as high a level of efficiency as hitherto. 

[0020] Figure 2 is a schematic explanatory drawing of the surface of the cast- 
ing drums of the second invention envisaged by the inventors, being a draw- 
ing of the same members as in Figure 1 (B). The casting drum in Figure 2 pos- 
30 sesses on the surface thereof an inner layer 9 consisting of copper that pos- 
sesses on the outer surface thereof uniform fine recesses 10 and protrusions 

II, and heat insulating material 14 that is disposed in the recesses 10 of the 
outer surface of the inner layer, and an outer layer 15 consisting of metal and 
that is so formed as to cover the outer surface of the said inner layer 9 and the 

35 heat insulating material 14, the outer surface of such outer layer 15 being fin- 
ished smoothly and forming the outer surface of the casting drum 2, and 
forming a casting drum of a twin drum type continuous casting machine. 

[0021] The inner layer 9 in Figure 2 may be formed in the same way as for the 
40 inner layer 9 in Figure 1. Heat insulating material 14 is employed in the cast- 
ing drum in Figure 2, and different varieties of refractory material may be 
employed as such heat insulating material. The recesses in the inner layer 
may also be air holes, and such air holes produce the same action and effects 
as heat insulating materials. The outer layer 15 in Figure 2 may also be 
45 formed of copper, or may be formed of metals other than copper, such as Ni 
or Cr and the like. The outer layer 15 may be formed by methods commonly 
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employed in the art, such as for example by metal spraying. The surface of 
the outer layer 15 is finished smoothly in the same fashion as was described 
for Figure 1. 

5 [0022] In Figure 2, the heat insulating material possesses poorer heat trans- 
mission properties than Cu. Hence, the protrusions 11 of the inner layer 9 at 
which there is no heat insulating material transmit heat well, but the recesses 
10 transmit heat poorly because of the presence of the heat insulating mate- 
rial. Hence the melt 1 that is in contact with the casting drums consists of the 
10 melt 11' at positions that face the protrusions 11 which is rapidly cooled by 
the casting drums and in which solidification proceeds rapidly, and the melt 
10' at positions that face the recesses 10 which is slowly cooled by the casting 
drums and in which solidification proceeds slowly. 

15 [0023] Thus the melt 1 that is in contact with the cooling drum of Figure 2 
forms a melt in which the fine portion 11' in which solidification proceeds 
rapidly and the fine portion 10' in which solidification proceeds slowly are 
uniformly mixed and distributed. For this reason, the cooling drum in Figure 
2 also prevents the development of cracking in the cast slab 5 for the same 

20 reasons as those described under Figure 1. Moreover, the problem of the for- 
mation of recesses and protrusions in the surface of the thin cast slab that 
have arisen hitherto is also overcome in the same manner as that described 
under Figure 1 because the outer surface of the outer layer 15 is smooth. 
Moreover, the outer layer in Figure 2 being formed of metal possesses consid- 

25 erably higher heat transmission properties than does the refractory material 
envisaged by JP6-67450, while such outer layer possesses sufficient heat trans- 
fer properties because the copper of the inner layer 9 is bonded to the metal of 
the outer layer 15 at the recesses 11 in the inner layer. For this reason, there is 
no necessity for the velocity of rotation of the cooling drums to be low, and 

30 the cooling drums can be operated with as high a level of efficiency as hith- 
erto. 

[0024] Figure 3 is a schematic explanatory drawing of a further cooling drum 
envisaged by the present invention, being a drawing of the same members as 

35 in Figure 1 (B). The casting drum in Figure 3 possesses on the surface thereof 
an inner layer 17 that is form of copper and an outer layer 16 that is so formed 
on the outer surface of the inner layer 17 as to cover the outer surface of the 
inner layer 17; the outer layer 16 consists of metal in the interior of which fine 
heat insulating material 18 is uniformly distributed, the surface of the outer 

40 layer 16 is finished smoothly, and forms the outer surface of the casting drum, 
forming a casting drum of a twin drum type continuous casting machine. 

[0025] In Figure 3, the metal that forms the outer layer 16 may be copper, or 
may also be a metal other than copper such as Ni or Cr and so forth. More- 
45 over, various types of refractory material may be employed for the heat insu- 
lating material 18. In Figure 3 the outer layer 16 which consists of metal in the 
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interior of which fine heat insulating material is uniformly distributed may be 
formed by for example disposing a woven cloth of heat insulating material 
upon the outer surface of the inner layer 17 and by spraying or plating metal 
from above onto such inner layer 17. The heat insulating material 18 in Figure 
5 3 may also be formed of air holes through the selection of the spraying condi- 
tions, and without the disposition of the woven cloth of heat insulating mate- 
rial, and in this case the air holes provide the same action and effect as the 
heat insulating material. 

10 [0026] In Figure 3, the insulating material 18 possesses considerably poorer 
heat transfer properties than does the metal that forms the outer layer. Hence, 
those portions 19 in which there is no insulating material possess good heat 
transfer properties, but those portions 20 in which there is heat insulating ma- 
terial possess poor heat transfer properties. Hence the melt 1 that is in contact 

15 with the casting drums consists of the melt 19' at positions that face 19 which 
is rapidly cooled by the casting drums and in which solidification proceeds 
rapidly, and the melt 20' at positions that face 20 which is slowly cooled by 
the casting drums and in which solidification proceeds slowly. 

20 [0027] Thus the melt 1 that comes into contact with the casting drum of Figure 
3 forms a melt in which the fine portion 19' in which solidification proceeds 
rapidly and the fine portion 20' in which solidification proceeds slowly are 
uniformly mixed and distributed. For this reason, the cooling drum in Figure 
3 also prevents the development of cracking in the cast slab 5 for the same 

25 reasons as those described under Figure 1. Moreover, the problem of the for- 
mation of recesses and protrusions in the surface of the thin cast slab that 
have arisen hitherto is also overcome in the same manner as that described 
under Figure 1 because the outer surface of the outer layer 16 is smooth. 
Moreover, the outer layer 16 in Figure 3 being formed of metal possesses con- 

30 siderably higher heat transmission properties than does the refractory mate- 
rial envisaged by JP6-67450, and for this reason, there is no necessity for the 
velocity of rotation of the cooling drums to be low, and the cooling drums can 
be operated with as high a level of efficiency as hitherto. 

35 Practical embodiments 

[0028] The four 1 types of surface layer of the casting drum listed in Table 1 
were employed to manufacture Al-killed medium carbon thin cast slab with a 
slab thickness of 2 mm. All the casting drums were 400 mm in diameter and 
350 mm in length, and the velocity of rotation of the casting drums was 40 

40 m/ min in all cases. 

[0029] Drum A in Table 1 was a comparative example, possessing neither an 
inner layer nor an outer layer, but simply possessing a copper surface. Cast- 
ing Drum A was finished smoothly to a surface roughness of not more than 10 
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^im. Drum B in Table 1 was a comparative example, possessing neither an in- 
ner layer nor an outer layer, but simply possessing a copper surface, but re- 
cesses and protrusions of 80 jim were formed on the surface of Drum B by 
shot blasting. Drum C in Table was a practical embodiment of the present in- 
5 vention, with an inner layer of copper upon which recesses and protrusions of 
80 jam were formed by shot blasting, and on the outer surface of which an 
outer layer 30 |im in thickness of Ni was formed by plating, whereupon this 
surface was polished to a surface roughness of not more than 10 jam. 

10 [0030] In Table 1, the Cast Slab Cracking column shows the results of visual 
inspections of the cast slab under a 15x loupe for cracking in the surface after 
the cast slab had been pickled, ® indicating (0 cm - 1 cm)/m 2 , O indicating 
(over 1 cm - 10 cm)/m 2 , A indicating (over 10 cm - 50 cm)/m 2 and X indicat- 
ing (over 50 cm)/m 2 . Moreover, in Table 1, the Cast Slab Roughness column 

15 shows the results of measurements with a surface roughness gauge of the cast 
slabs in the as cast state, ® indicating 0 jam - 8 |nm, O indicating over 8 (a - 15 
jam, A indicating over 15 jam - 30 jam, and X indicating over 30 jam. 

Table 1 

20 



Drum 


Drum surface 
roughness 


Surface layer 


Cast slab 
cracking 


Cast slab 
roughness 


Remarks 


A 


Not more than 
10 jam 


Single copper layer 


X 


® 


Comparative 
example 


B 


80 jam 


Single copper layer 


© 


X 


Comparative 
example 


C 


Not more than 
10 |txm 


80 (im roughness copper 
layer + 30 |im Ni outer 
layer 


® 


® 


Practical em- 
bodiment 



[0032] As can be seen from Table 1, cracking developed in the cast slab to the 
extent that the surface of Drum A was smooth. As can be seen from Table 1, 
the cast slab exhibited surface roughness because recesses and protrusions 
25 were formed in the surface of Drum B. As can be seen from Table 1, Drum C, 
being a practical embodiment of the present invention, enabled the manufac- 
ture of cast slab with a smooth surface and also prevented the formation of 
cracking. 

30 Effects of the invention 

[0033] When the casting drums envisaged by the present invention are em- 
ployed in a twin drum type continuous casting machine, it is possible to 
manufacture thin cast slab with a smooth surface and also to prevent the de- 
velopment of cracking, without any loss in productivity of thin cast slab. 

35 
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Simplified description of the drawings 

Figure 1 is a schematic explanatory drawing of the surface of the first casting 
drum envisaged by the present invention. 

Figure 2 is a schematic explanatory drawing of the surface of the second cast- 
5 ing drum envisaged by the present invention. 

Figure 3 is a schematic explanatory drawing of the surface of a further casting 
drum envisaged by the present invention. 

Figure 4 is an explanatory drawing of a twin drum type continuous casting 
machine. 



Explanation of symbols 

1: Melt, 2(2'): Casting drum, 3 (3'): Side weir, 4 (4'): Solidified shell, 5: Thin 
cast slab, 6: Direction of rotation of casting drum, 7: Minimum interval be- 
tween drums, 8: Point of initiation of contact with melt, 9: Copper inner 

15 layer, 10 (10-1, 10-2): Recess disposed on inner layer, 10' (lO'-l, 10'-2): Portion 
with slow progress of solidification, 11 (11-1, 11-2): Protrusion disposed on 
inner layer, 11' (ll'-l, ll'-2): Portion with rapid progress of solidification, 12: 
Outer surface of outer layer, 13: Outer layer, 14: Heat insulating material, 15: 
Outer layer, 16: Outer layer, 17: Copper inner layer, 18: Heat insulating ma- 

20 terial, 19: Portion without heat insulating material, 19': Portion with slow 
progress of solidification, 20: Portion with heat insulating material, 20': Por- 
tion with rapid progress of solidification 
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